There is no known study regarding the usefulness of each blood pressure (BP) component based on stratification by age and sex for predicting cardiovascular (CV) events among hypertensive populations without chronic kidney disease (CKD) or diabetes mellitus (DM). This study was performed to investigate the association of BP components and CV events in a Korean hypertensive population according to age and sex. A total of 22,853 Korean hypertensive participants without CKD and DM were stratified into six groups according to age [40-49, 50-59, and 60 years or older] and sex. In each group, multivariate Cox proportional regression analysis was performed to reveal the associations of BP components [systolic BP (SBP), diastolic BP (DBP), mean arterial pressure (MAP) and pulse pressure (PP)] with CV events. The increase in PP and decrease in DBP were significantly associated with increase of CV events in males, but neither BP component was significantly associated with risk of CV events in females. When subjects were stratified by age and sex, an increase of SBP or PP was significantly related to the increased risk of CV events in 40's male group, and only the elevation of PP was significantly associated with increase in incidence of CV events in 50's male group, while a decrease in DBP was significantly associated with increased risk of CV events in older male group. In addition, there were no the significant associations with the incidence of CV events in MAP, after stratification according to age and sex. In conclusion, this study suggests that, in hypertensive populations, BP management may need to be performed after full consideration of age and sex.
Introduction
Although hypertension (HTN) is a well-known risk factor for cardiovascular disease (CVD), studies on the effect of each blood pressure (BP) component on CVD have been inconsistent, [1, 2] Borghi et al [3] demonstrated that, in a European cohort, systolic BP (SBP) was a stronger predictor of coronary heart disease (CHD) and cerebrovascular events compared with diastolic BP (DBP), and this result has been generally consistent in other reports, [4] [5] [6] [7] pointing to the importance of SBP. In contrast, data from the Framingham cohort with a mean age of 61 years, SBP was directly related to, but DBP was inversely associated with, the incidence of CHD risk, which means that pulse pressure (PP: SBP-DBP) is the strongest predictor among the three BP components (SBP, DBP, and PP). [8] [9] [10] On the other hand, Glynn and colleagues [11] described that SBP is more important than DBP, even in a younger population, but they could not show that PP was the most powerful predictor of adverse clinical events in the younger population. Moreover, a few analyses had also focused on the role of mean arterial pressure (MAP) and PP in CVD, [6, 7] and several studies using different methodologies have demonstrated the relative importance of all 4 BP components. Therefore, we determined that the effect of all 4 BP components on CV events may need to be investigated case by case, that is, subjects with normal-range BP with prehypertension and with HTN. As a study on the impact of BP components on CV events among prehypertensive individuals was published, [12] a study on the effect of each BP component on the risk of CV complications among hypertensive populations is necessary.
In addition, the prevalence of HTN and incidence of CV events are different based on sex. A study at Wake Forest Baptist Medical Center of 100 hypertensive subjects with a mean age of 53 years showed 30 to 40 percent higher incidence of vascular disease in women than in men, despite no differences between males and females in terms of BP, heart rate (HR), and body mass index (BMI). The study also found significant differences in the hemodynamic and hormonal mechanisms accounting for the increased BP in women compared to men. Therefore, physicians may need to choose selective BP management considering the age and sex of their patients. Hence, the aim of the current study was to investigate and compare the usefulness of each BP component based on stratification by age and sex for predicting CV events among 22,853 hypertensive patients without chronic kidney disease (CKD) or diabetes mellitus (DM).
Materials and methods

Health examination sample cohort database
In Korea, the National Health Insurance Service (NHIS) provides general health examinations to several populations: 1. regional insurance subscribers that include a regional household member 40 years or older and other household members, 2. employee subscribers who are 40 years or older and their dependents, and 3. medical aid beneficiaries who are household representatives 19 to 64 years of age and other household members 40 to 64 years of age. [13] With the exception of non-office workers, these individuals are asked to undergo biennial health medical examination; non-office workers are required to undergo annual examinations. The health examination sample cohort database included 10% of all participants who underwent a health examination provided by the NHIS during calendar years 2002 and 2003, using simple random sampling, and they were followed until December 31, 2013. [14] The number of participants that received health examinations among the general same-aged population in Korea was approximately 40% in 2002 and increased up to 68% in 2013.
Participants
We enrolled participants that underwent medical examinations provided by the Korea Medical Insurance Corporation (KMIC) between January 1, 2003 and December 31, 2004. These examinations are referred to as the "baseline". Among the people who received a medical examination during this timeframe, a total of 30,080 people were found to have HTN, we excluded 2230 people that had been diagnosed with current or past CKD and had received chronic dialysis or kidney transplantation at the enrollment point. Another 209 participants were excluded because they had experienced prior CV events, and 4788 people were excluded due to current or past DM. Finally, a total of 22,853 participants with HTN were involved in this study (Fig. 1 ). The study protocol was approved by the Institutional Review Board of Ewha Womans University, College of Medicine (EUMC 2018-01-039), and informed consent was waived because of retrospective study.
Data collection
Demographic and clinical data that were recorded during the health examination included age, sex, BMI calculated as weight/ height 2 and the Charlson Comorbidities Index (CCI). [15] BP was measured at mobile examination centers by trained examiners. SBP and DBP were measured three times, and the average of second and third measurements was used for analysis. [16, 17] MAP was calculated as 2/3 DBP + 1/3 SBP, and PP as SBP-DBP. The following laboratory data were measured as part of the health examinations: fasting blood glucose, total cholesterol, hemoglobin, and proteinuria with the dipstick test [(À), +, 1+, 2+, or over 3+].
Definitions
1. HTN was defined on the basis of a prior diagnosis of HTN, prior use of any antihypertensive medications within six (1) A current smoker was defined as an adult who had smoked 100 cigarettes in his or her lifetime and who currently smokes cigarettes. (2) A former smoker was defined as an adult who had smoked at least 100 cigarettes in his or her lifetime but who had quit smoking at the time of the interview. (3) A never smoker was defined as an adult who had never smoked or who had smoked less than 100 cigarettes in his or her lifetime.
Study outcomes
All study participants were monitored for CV events during 9 years of follow-up, from January 1, 2005 through December 31, 2013.
Statistical analysis
Continuous variables were expressed as mean ± standard deviation and categorical variables as number (percentage). Continuous variables were compared using the independent Student's t test, and categorical variables were compared with Pearson chisquare test. Then, we stratified the patients into 3 groups according to age [40-49, 50-59, and 60 years or older] and sex [male and female], respectively. Among the groups, the crude incidence rates were calculated by dividing the number of subjects with a given event by the person-years of follow-up, which were expressed as cases per 1000 person-years; confidence intervals (CIs) were estimated based on a Poisson distribution. In addition, a Cox proportional hazards analysis was performed to examine the time-to-event association with CV events. We selected adjusted covariates using stepwise selection for analysis of age, sex, total cholesterol level, smoking status, and CCI using a multivariate model. This analysis was conducted using R 3.2.3 software (R Development Core Team, 2013) and SAS 9.4 software (SAS Institute Inc., Cary, NC). The P value less than .05 was considered statistically significant.
Results
Baseline characteristics
Among the 22,853 subjects, the mean age was 51.1 ± 8.87 years and 69.2% were male. The mean BMI was 24.4 ± 2.9 kg/m 2 . Out of the total individuals, 106 (0.5%) had cancer as a co-morbidity, congestive heart failure (CHF) was diagnosed in 98 (0.4%), and only four were treated for acute myocardial infarction (AMI). In addition, mean SBP, DBP, PP, and MAP were 140.9 ± 13.9, 89.8 ± 9.0, 51. (Table 1 ). There was a significant difference in smoking status, while there was no significant difference in proteinuria level between the two groups. In the laboratory findings, the average total cholesterol level was significantly higher in the CV event group compared with the CV non-event group (203.5 vs 200.2 mg/dL), whereas the mean hemoglobin level was significantly lower in the CV event group compared to the CV non-event group (14.2 vs 14.3 g/dL) ( Table 1) .
The effects of baseline BP components on CV events among the hypertensive population
During the median 9 years of follow-up, the incidence rate of CV events was 7.56 (95% CI, 7.18-7.95) per 1000 person-years. When these patients were classified into 2 groups according to sex (male vs female) and then each stratified into 3 groups according to age (40-49, 50-59, and over 60), the crude incidence rates of CV events in ages 40-49, 50-59, and over 60 years in males were 4.43 (95% CI, 3.99-4.89), 8.17 (95% CI, 7.21-9.22), and 2.01 (95% CI, 1.82-2.22), respectively; those in females were 1.13 (95% CI, 1.09-1.17), 6.01 (95% CI, 4.98-7.19), and 1.68 (95% CI, 1.48-1.90) ( Table 2 ).
In univariate Cox proportional regression analyses, a 10 mmHg increase of SBP and PP was significantly associated with the occurrence of more CV events [10 mmHg increase of SBP: hazard ration (HR) = 1.105, 95% CI (1.067-1.144), P < .001; 10 mmHg increase of PP: HR = 1.202, 95% CI (1.160-1.247), P < .001]; while 10 mmHg increase of DBP was significantly related to reduced risk of CV events [10 mmHg increase of DBP: HR = 0.866, 95% CI (0.818-0.916), P < .001] and 10 mmHg increase of MAP could not observed significant association with the incidence of CV events [10 mmHg increase of MAP; HR = 0.965, 95% CI (0.912 -1.022), P = .223] (Table 3 ). However, multivariate Cox proportional regression analyses revealed that the HR of 10 mmHg increase in PP was 1.063 (95% CI; 1.022-1.106, P = .002), but the HR of 10 mmHg increase in DBP was Kang et al. Medicine (2019) 98:33 www.md-journal.com 0.923 (95% CI; 0.873-0.976, P = .005) for the risk of CV events after adjusting for age, sex, BMI, total cholesterol concentration, smoking status, and CCI. SBP and MAP were not significantly associated with increased incidence of CV events (Table 3 and Fig. 2 ).
The different effects of baseline BP components on
CV events according to age and sex among the hypertensive population Table 4 illustrates that an increase in PP or decrease in DBP was significantly associated with higher occurrence of CV events in males, even after adjusting for age, BMI, total cholesterol concentration, smoking status, and CCI (PP; HR = 1.102, 95%
CI; 1.051-1.156, P < .001, and DBP; HR = 0.912, 95% CI; 0.851-0.978, P = .010), while an increase in SBP was marginally related to increase in risk of CV events (HR = 1.043, 95% CI; 0.998-1.090, P = .059) and an increase in MAP could not observe the association with incidence in risk of CV events (HR = 0.975, 95% CI; 0.910-1.0432, P = .461) ( Table 4 and Fig. 2 ). In contrast, there was no significant association in females between change of each BP component and incidence of CV events ( Table 4 and Fig. 2 ). When these patients were stratified according to age and sex, a 10 mmHg increase in SBP or PP was significantly related to increase in risk of CV events among the 40-to 49-year-old male group (SBP; HR = 1.114, 95% CI; 1.031-1.203, P = .006, and PP; HR = 1.158, 95% CI; 1.061-1.264, P = .001). A 10 mmHg elevation of PP was significantly associated with increased incidence of CV events among the 50-to 59-year-old male group (HR = 1.161, 95% CI; 1.048-1.286, P = .004), whereas a decrease of DBP was significantly associated with increased risk of CV events among the 60-year-old and older male group (HR = 0.879, 95% CI; 0.795-0.972, P = .012) ( Table 5 and Fig. 3 ). However, there was no significant relationship in the female groups between change in BP components and occurrence of CV events, and we could not observe the significant association of MAP with the incidence of CV events, even in the sub-analysis after being stratified by age and sex. (Table 5 and Fig. 3) 
Discussion
Consistent with other studies, [4] [5] [6] [7] we found that, for hypertensive male subjects, the importance of an increase in SBP and PP for Data are expressed as mean (with standard deviation) or n (%). CI = confidence rate, DBP = diastolic blood pressure, PP = pulse pressure, SBP = systolic blood pressure. risk of CV events was demonstrated in the younger generation; however, a decrease in DBP was significantly associated with increase in the incidence of CV events in older generations. However, there was no significant association between variation in BP components and CV events in hypertensive female subjects irrespective of age stratification and there were no significant associations of MAP in sub-analysis after stratification according to age and sex. The reasons why there was no significant relation between change of BP components and CV events in the hypertensive female populations have not been elucidated. However, it is wellknown that there are differences in prevalence of HTN and incidence of CV events between men and women. [21] Moreover, women are considered to be protected from most CV events compared to men, and the risk for CV events accelerates after menopause. Therefore, postmenopausal women are at increased risk of CV complications compared to premenopausal women. [22] In our study, the crude incidence rates for CV events were lower in female groups compared with male groups, as in other studies ( Table 2) , [21] which might result in no significant association between variation in BP components and occurrence of CV events in female groups.
However, the relative ratio (RR) of incidence rate for CV events between older males and females was greater than that in the younger age groups (RR in 60 years or more: 0.84, RR in age 50 s group: 0.74, and RR in age 40s group: 0.26) when we examined the RR as incidence rate of CV events in the female group incidence rate of CV events in the male group at the same age. This indicates that the occurrence of CV events in hypertensive females after menopause rapidly increased compared to that in hypertensive males of the same age. Moreover, in women aged 65 years or older, the prevalence of HTN was higher than that found in men aged 65 years or older in 2007 (61.8% in women vs 49.3% in men) and 2011 (68.9% in women vs 58.4% in men). [22] Nevertheless, we could not find as significant association between change of BP components and risk of CV events even in the 60 years and older, hypertensive female population.
The pathophysiological mechanisms for sexual differences in the prevalence of HTN and incidence of CV events have not been established but are not likely as simple as the presence or absence of estrogens, since hormone replacement therapy in older women in the Women's Health Initiative or the HERS Trials did not provide primary or secondary prevention. However, our results demonstrate that BP management should be selectively performed according to age and sex to reduce CV events among hypertensive populations.
In this study, a 10 mmHg increase of PP was significantly associated with increase in incidence of CV events among the Adjusted for age, sex, body mass index, total cholesterol concentrations, smoking status, and Charlson comorbidity index. CI = confidence interval, DBP = diastolic blood pressure, HR = hazard ratio, PP = pulse pressure, SBP = systolic blood pressure. Figure 2 . Forest plot of the risk of CV events in males and females Among the total population studied, HRs for the incidence of CV events were 1.063 and 0.923 per increase of 10 mmHg in PP and DBP, respectively, whereas there was no significant association between increase in SBP and risk of CV events. In addition, increase of PP and decrease of DBP were also significantly associated with incidence of CV events in males, but neither BP component was significantly associated with risk of CV events in females. BP = blood pressure, CV = cardiovascular, DBP = diastolic blood pressure, HR = hazard ratio, PP = pulse pressure, SBP = systolic blood pressure. total hypertensive population. Several pathogenic mechanisms for the relationship between PP and CV events have been explained as due to increased arterial stiffness, which causes SBP to increase and DBP to decrease by shifting the wave reflection from diastole to systole. [23] SBP elevation has deleterious effects on myocardial oxygen demands, and a reduction of DBP might compromise diastolic perfusion time and coronary perfusion. Finally, widened PP can lead to presence of a clinical or subclinical comorbid condition, such as aortic insufficiency. [24] However, in our study, there was no significant association between increase in SBP and risk of CV events, which indicates that diastolic perfusion time and coronary perfusion may be more of an issue for the occurrence of CV events among hypertensive populations compared with myocardial oxygen demands. In Korea, a routine health examination is recommended every other year for those over 40 years of age, and BP is always measured during these examinations. [13, 14] However, it is still controversial whether a health examination is beneficial based on cost-effective analysis. Unfortunately, we did not examine serial BP variations or investigate the effect of variability of BP components on the risk of CV events. Thus, it is hard to emphasize the benefit of periodic health examinations based on study results. Nevertheless, this study implies that physicians may need to choose selective BP management based on baseline BP and considering the age and sex of their patients.
There were several limitations to our study. First, the health examination sample cohort database included 10% of all participants who underwent a health examination provided by the NHIS from January 1, 2002 through December 31, 2003, using simple random sampling and who were followed until December 31, 2013. Thus, these data do not represent the entire healthy Korean population. Second, the study was a retrospective cohort observational study. Thus, selection bias could not be excluded. In the future, interventional prospective studies will be Adjusted for age, body mass index, total cholesterol concentrations, smoking status, and Charlson comorbidity index. CI = confidence interval, DBP = diastolic blood pressure, HR = hazard ratio, MAP = mean arterial pressure, PP = pulse pressure, SBP = systolic blood pressure. Adjusted for age, body mass index, total cholesterol concentrations, smoking status, and Charlson comorbidity index. CI = confidence interval, DBP = diastolic blood pressure, HR = hazard ratio, MAP = mean arterial pressure, PP = pulse pressure, SBP = systolic blood pressure.
Kang et al. Medicine (2019) 98:33 Medicine required to confirm these results. Third, we could not measure serial BP variations individually. Thus, there is a limitation to showing how to manage BP in hypertensive populations. Fourth, there was a relatively small number of women (30.8%) compared to men (69.2%). Thus, future investigation with larger number of women is needed to delineate the effects of BP components in the female hypertensive group. Despite these limitations, the study is the first, to our knowledge, to investigate BP components according to age and sex among hypertensive populations without CKD or DM. This study suggests that BP management in hypertensive populations may need to be performed after full consideration of patient age and sex. However, an interventional, prospective study with larger populations is needed to confirm these results.
